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South Dakota has been one of the top  two states in oat 
productio n over  the past five years . Du rin g  this t i ·me South Da kota • s 
average product i ·o n  w-as 1 2,914 , 03 6  quinta l s  ( _88 , 784 , 000) bushe l s. 
The ea stern one-fo urth o f  the state a nd western Mi n nesota  as we l l 
a re known fo r the prod u ct i on of good  qua l ity and  hig h  tes t  we i ght 
oats . Bec a u se of  t he high production tn thi s  reg i o n, much  of the 
oats i s  marketed for a prem i um to mil lers and race horse feed pac kers . 
It is estimated 10- 1 5% o f  the total production i n  South  Dakot a i s  
u s ed for these two i nd u strie s . 
Oats de l i vered to t he e l evato r conta i n i n g l i ve i nsects  
ca n l os e  th i s  prem i um becau s e  of  thei r mere presence, The Food  
a nd Dru g  Admin i st rat i o n  ru l ed that grain is u n fit for h uman 
cons umption i f  it contains two percent i nsect damaged kerne l s 
(Larrick 1 95 6 ) . Oats can  be graded weev i l y  i f  it contafns (a ) two 
or more l ive  weevi l s per representat i ve l ot ,  (b) 1 5  or more other 
l i ve ins ects  i njuriou s  to stored gra i n , i ncl u d i n g  Anguomo i s  
moths ( Grain I ns pectio n Handbook 1 980 ) . 
In a s u rvey of  360 e l evato rs , 7 5%  of the elevato rs a re 
now a ppl ying a 0 . 2- 2 . 9¢/q u i nta l  (1 - 20¢/bushe l )  dis count  fo r i ns ect 
pres ence in al l grains . The avera ge d i s co unt wa s 0,8¢/quinta1 (5 . 2¢/ 
bu she l )  (Grain Qua l ity News l etter 1 982) . This agrees w i t h  a 1 00 
e l evator  u npub l i shed  s u rvey do ne by myse l f pr�o r to t he s a�pl ing  o f  
t he oat btns . Seventy- seven pe rcent o f  the e l evato rs dis counted fo r 
tnsects s pec i ftcta l l y  i n  oats wit h a ra nge o f  0 . 2 - 3 .6¢/qu i nta l  
( 1 -25¢/ bu she l )  a nd a n  average disco u nt o f  0�6¢/ qutnta l  ( _3,8¢/ bu s he l ) . 
Mt l l ing  premiums fo r the e l evator operator were 0.4¢-.3 . 6¢/ qu i nta l 
( 3- 25¢/bu s he l ) a nd a n  average of  1 !7¢ ( .11 �6¢) � It has  been 
al so est i ma ted that t he f a rmer premium could be as  h i g h  as  
1 ,5¢/ qu i nta l · ( 10¢/bushel ) ,  Most  buyers of  premium oats  have  
t nd i cated they refu se  a ny oats  containing li ve insects , 
The o bj ective s  o f  t h i s  researc h proj ect were to ( 1 ) i de nt i fy 
t he majo r  stored gra i n  ins ects  that  in fest  stored oa t s  i n  So uth 
Dakota , ( 2) to ca l cu l ate i n sect densi t i es over the  ma i n  storage 
per i od , ( 3) to  i de nt.i'fy t he facto rs t hat contrtbute to i nsect  
i nfestat i o ns i n  stored oats , a nd ( 4) to  gather i n format i o n  that  
wou l d pro v i de fo r better  recommendat i o ns o n  how to reduce  i nsect 
i n fes tat i ·o n s . 
2 
LITERATWRE REV I EW 
One o f  the ··maJor probl ems tn sto ri ,ng 9f�i·n ts th.e tnfe.st­
a tto n by stored grai-n tns�c�s . Many meth.ods h�,y� been tr i ,ed to 
control these tnfest�tton s . ��thods  used centu ries a go we re to 
bu ry g ra i n  i n  the g ro u nd a nd l ine the ho l es wi t h  straw! I n  t he 
mtd l 800'· s they covered the gra i ·n w i t h  l eaves from a roma t i c  p l ants . 
Ma ny fo rmula t i ons of  d u sts  s uc h  as  o i l , 1 ime , soil , s a nd , ashe s  
a nd s u l fur were m i xed with t he g ra i n  i n  o rder t o  ma ke i t  u na ttract­
i ve to i n sects·. One o f  the mo st e ffec t i ve methods  was to expo se 
t he g ra i n  to  d i rect s u n l i g ht . Th i s  k i l 1 ed a maj o r i ty of the  i n­
sects and d r i ed the g ra i n  wh i c h made i t  u na ttract i ve to i n sects . 
Mo st o f  the se earl y a ttempt s were  somewhat  u ns ucces s fu l  a nd u nt i l 
fum i gat i on  a nd modern g ra i n  ha ndl i n g systems came a l ong i n sec ts  
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were a maj o r  pro bl em o f  sto red g ra i n, Th i s  pro bl em cau sed  a red uc t­
i o n  o f  u p  to 1 0% o f  the g ra i n  to nnage (Cotto n 1 963 ) . 
Sto red gra i n i n sects  that c u r�ent l y  i n fest oats  co ns i st 
mo stl y o f  seco ndary i n sects  (Storey et a l . 1983 ) . T hese  i nsec ts 
feed o n l y on c rac ked gra i n  or mo l d .  They a re o ften re ferred to a s  
"bra n bugs" (Cotton 1 96 3 ) . The seco nda ry i n sects d o  not burrow 
d irectl y i nto the  seed l i ke the  pr i ma ry i nsects  s uc h  as  the 
weev i l s  a nd the  gra i n  bo rers . They do the i r damage by crea t i·n g  
gra i n  heatin g a nd mold o r  by their �resence i n  gra i n .  
The ru sty gra i 'n beetle ,  C rypto 1 estes _ferrugi neu s ( Steph . )  , 
a nd the sawtoot hed grain beetl e, Oryzaephilu s surinamensis (Linnaeusl 
were fo u nd to be the two mo st commo n i n sects in hea ted o ats i n  
Ca nada . The foretgn gratn beet l e ,  Ahasveru s advena  (.W a l t l ) _;t wa s 
a l s o  fo und to be a probl em in some o f  the samp l es o f  heated oats 
( S i n ha 196 1 ) .  
Life Cycl es 
The sawtoo thed gra i n  beetl e is the major pest o f  stored oats  
( Storey et a l . 1 983) . It is a smal l ,  s l ender brown beet l e about  
o ne-fourt h of  a centimeter long . On it s thorax are s i x  sawtoo th�l ike 
proj ections  on  each s i de . Both  the adu l t  and l arva l  forms atta c k  
stored gra in  and gra i n  product s . T he adu l ts c a n  l i ve up to three 
years , but  more l i ve from s i x to ten months, The femal e w i l l  l ay 
45 to 285 eggs , d ropp i ng t hem o n  foodst u ff or  tuc k i n g t hem away 
i n  ke rne l  crev i ces . The eggs  w i l l  hatch  i n  three to fi ve days . 
W hen the l a rvae emerge they do not feed o n  a s i ngl e gra i n ,  
but move aro u nd and  acti vel y  feed . Dur i n g  t he s ummer mo nths, t he 
l arvae wil l become fu l l y  g rown i n  a bout  two wee ks . At th i s  t i me 
tt w i l l  secrete a st i c ky cocoon- l i ke co vering tha t j o i ns sma l l 
grains toget her . The l arvae then evol ve i nto a pupa l stage that  
l asts  a bout  one wee k . Under i dea l co nd i t i o ns i t  ta kes  a bo ut fo u r  
weeks t o  devel op  from egg to adu l t ( U . S . D . A .  1 978 ,  Cotton 1 96 3 ) . 
The fl at  gra i n  beet l e ,  Crypto l e stes pu s i l l u s ( Sc hoen herr ) , 
a nd the ru sty grain beetl e ,  Cryptol estes  ferrugi neu s (Stephens ) ,  
are very s imil ar in appearance and  s i ze. Ma ny resea rchers 
combine t hese two specie s becau se of the ir  s i mil ar habits . Com­
b i ned t hey are the s�cond worst pes t  of stored o ats ( Storey et a l . 
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1 983 ) .  The  two s pec i e s differ  i n  t heir antennae l e n gth! The 
ru sty g rain beet l e's is a bout  one�hal f the length o f  the body 
wh i l e t he fl at  g ra i n  beetl e's i s  a bout  two -thirds as l o n g  as i t's 
body ( _Pratt and Scott 1 959 ) . The rusty gra i n beetl e i s  a l so mo re 
co l d res i st a nt a nd more common l y found  tn sto red gra i n t h a n  t he 
flat grain beet l e .  Both s pecies a re very sma l l ,  fl at, redd i s h 
brown beet l es  a bout one�eighth o f a centimeter l o ng . They act  a s  
scava ngers feed i ng o n  gra i n  that  h a s  been attac ked by t he pr imary 
i nsects . 
The femal e  l ays he r eggs  i n  sma l l gra i n  crev i ces . The  
l a rva e prefer  to feed o n  wheat  germ and  a l so  other  dead i ns ec t s . 
W hen the  l a rvae a re fu l l y g rown they form a cocoo n o f  a gel a n t i nou s 
s u bsta nce to wh i ch foo d part i c l e s st i c k .  They emerge i nto  t he  
pu pa l  sta ge in t he coc oo n s  a nd then  become adu l ts . Under i dea l 
co nd i t i o ns t hese i nsects  may deve l op from egg  to adu l t i n  fi ve  
weeks  but the  average  deve l o pment i s  n i ne wee ks (U,S�D�A. 1 978 , 
Cotto n , 1 963 ),  . -
As ma ny as  60% o f  the  ru sty gra i n  beet l e adu l ts  c a n  s u rv i ve 
ex po s u re to �1 2°C fo r 28 days . The eggs  ca n a l so w i t h stand very 
h i g h  pho s p h i ne dos es, A 24 - ho u r  expo s u re to 4 g/m3 o f  p ho s p h i ne  
at  19°C produced o nl y  5 0% morta l i ty of 0 - 1  day o l d eggs  (Ba n k� 
1 979) ' 
The th i rd most impo rtant pe st o f  sto re� oa ts  is  t h� red 
fl our  beetl e ,  Tr i bo l . i u rn c�sta neum (Herbst). I t  ts very simtl a r  
t o  �he co n fu s ed fl o u r  beet l e, Tr i bol i um confu sum Jac quel i n  d u  Va l . 
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The l a st  few segments  o f  the  red fl o u r  beet l e's antenna l  s egment s 
en l a rge a brupt l y  wherea s t he c o n fu sed fl o u r  beet l e�s a nt e n na l  s eg­
ment s  gradua l l y  en l a rge to t he a ntennae t i p  (Pratt a nd Scott 1 95 9 ). 
The  red fl o ur  beet l e is genera l l y  fou nd a s  a pest  o f  m i l l ed products  
a nd  ca u s e  a nauseou s  smel l a nd ta s te to  ma te r i a l  i t  i nfe st s. It  
attacks  o n l y·g ra i n  d u st a nd broken grain s urfaces, 
The avera ge  l ife o f the red fl our beet l e ts a bo ut o ne  yea r ,  
The fema l e l ays a n  a ve ra ge o f 4 50  eggs, Thes e e gg s  a re covered 
with  a sticky secret i on and become covered wi th fl o u r  or mea l  a nd  
st i ck to  t he  sides  of  boxe s , sacks a nd co nta i ners, Eggs  h atch  in  
five to  1 2  days. Fu l l g rown l a rvae are o ne ha l f of a cent i mete r  
l o ng a nd a re a wh i te -tin ged ye l l ow co l or . These l a rvae feed o n  
fl o u r , g rain d u s t  a n d  broken kernel s, T h e  period o f  e g g  t o  adu l t 
is six weeks u nder  favora bl e co nditions  (U . S . D�A. ,  1 978 , Cotton 
1 96 3 )  . 
Some of t he m i nor spec i es fou nd i n  oats  a re psoc i ds , 
weevil s, Dermestes  � -, t he l e s ser  gra i n  bo rer , t h e  l a rger  bl ack 
fl o u r  beet l e ,  cadel l e ,  t he ha i ry fung u s  beet l e ,  Tr i bol ium audax 
Ha l stead �nd sp i de r  beet l e s  ( Sto rey et a l . 1 983 ) , 
Recent S urveys 
Very l i ttl e t s  known a bo u t  sto red g ra i n  ins ects  in Sou t h  
Dakota . Even  l e s s  i s  known abo ut  t he insect prob l em
.
in sto red 
o at s . In  the few rece nt s u rveys conducted in the  mi dwest the 
proces stng o f  the gra i n sample s wa s very stmtl ar, Each s u r�ey 
s te�ed t he g rain wi t h  a 10 o r  1 2  mes h  s c reen and  made ins ect counts  
o n  t he sc ree n i ngs . Bel l et a 1 . (197 1 ) d i d  the i r  screen i ngs  at  t he 
b i n  s i tes wh i l e  the o t hers  conducted the i r  screen i ng i n  the 
l a borato ry .  Onl y Storey et al . ( 1 982 , 1983 ) p l aced t he sc reen i ngs 
a nd the sc reened gra i n  i n  0 . 95 l i ter  j a rs fo r a n  i nc uba t i o n  per i od 
o f  three to s i x  weeks , depend i ng o n  the i n sect spec ies . Cou nts o f  
t he adu l ts  that  emerged from t he l a rva l  stage a t  sampl i ng were 
added to t he o r i g i na l  co u nt . Insect dens i ty pe r k i l ogram was u sed 
as a ba s i s  for i n sect populat i o n . 
I n  1 97 1.a nd 1 97 9-80 , two farm-sto red gra i n  s u rveys were 
conducted i n  Ka nsa s o f  a l l gra i n s  ( Bel l 1 980 , Bel l et al . 1 97 1 ) .  
A 27 cou nty a rea was s u rveyed from December through Februa ry .  A 
sta nda rd gra i n  pro be was u sed for sampl fng the gra i n .  They took 
t hree different sampl es; a ho r i z onta l s u r face , a vert i cal  center 
a nd a· south  wa l l vert i ca l . 
I n  1980 , a Ka n sas  su rvey of  sto red sorghum o f  22 co u nt i e s  
wa s conduc ted from Janua ry t h roug h  May (M i l l s  and Pedersen 1 980 ) . 
T hey sampl ed the to p 2 . 5 meters o f  the .gra i n w i t h  a 1 . 6  meter tr ier  
a nd a 0 . 9  meter exten s i o n . Sampl i ng the l ower pa rt o f  t he gra i n 
wa s fou nd to be somewhat d i ff i c u l t. The samples  taken were from 
o ne ho r i zo nta l pro be j us t  u nder the s urface , o ne vert i ca l  p ro be 
i n  t he b i n  center a nd fo ur  vert i ca l  pro bes at the ca rdi n a l  po ints 
o ne meter from t he b i n  wa l l . They found some b i n s  were pea ked  so 
h i g h  t hey co u l d not be entered , t hus  fewer sampl es were ta ken . 
I n  a 1 97 7-78 M i n neso ta stored whea t a nd  co rn s u rvey bf 
fo ur d i fferent count ies wa s co nducted du ri ng August a nd Septembe r  
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(Ba ra k a nd Hare i · n 1981}, A 1 ,6 met�r:r 1 0  part i t i o n  g ra i n  t r i er  was 
used for a ho r izo ntal sampl e 1 0  em, bel ow t�e s u rface i n  a n  u nd i s­
tu rbed area, Sampl es  were a l so  ta ken c l o se to the nort h  and sout h 
wa l l s  and  �a l f way between t he center a nd wa l l .  Deep cup s ampl es  
were t a ken  i n  t he center of the b i n at  o ne meter i nterva l s from 
top to the  bottom o f  the b i n, 
T he U�S.O,A. Grain Ma rket i ng Res earc h Labo rat o ry i n  
Ma nhatta n ,  Kan s a s  co nducted a 27 state s u rvey o f  sto red g ra i n 
i nsect popu l atfo ns i n  wheat , co rn a nd oats  i n  1 980 ( Storey et a l . 
1 983 ) ,  The g ra i n s ampl e s  we re from the-1976� 1 977, 1 978 a nd 1979 
c rop years . Farm storage  o n  l oa n  to the ASCS wa s randoml y s ampl ed . 
Offi c i a l s o f  t he loca l  o ffi ces  o f  the ASCS too k a representat i ve 
sampl e from eac h b i n us i ng a pro be to co l l ect the  sampl e .  They 
sampl ed the whea t a nd o at bi n s  i n  Ju ne a nd Ju l y and the co rn  i n  
· september a nd October . 
Onl y two o f  t he s u rveys dea l  w i t h  i nsect  problems i n  
sto red oats, Sel l et a1 , (1 97 1 ) sampl ed ni·ne b i ns i n  Ka n s a s  a nd 
found ei g ht o f  t he  b i ns c onta i ned l i ve i n sect s  a nd 1 2  d i ffe rent 
i n sect spe c i es prese nt . The maj o r  pests  i nc l uded the  sawtoo t hed 
gra i n  beetl e� t he red fl o u r  beetl e ,  Crypto l estes  spp , , the  ha i ry 
fu ngus  beetl e ,  t h e  fo re i gn g ra i n  beetl e a nd boo k l i ce, 
Storey et a l . ( 1 983)  fou nd 56 ,4% o f  t he oat sampl e s  co n­
tained o n� o r mo re l i ve stored-.product insect s, The a verage i ns ect 
dens ity per k i�o g raJ!l was 3 9 fo r  a l l spec i es i· n tne i n fested· 
�ampl �s� No constant rel at i o n s h ip wa s fou nd between the  i nc i dence  
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of  i ns ect s a nd the length of t ime eaGh CQJTlf110d i 'ty had bee n stored 
on the farm . There was a 1 so  no corre l ation of insect dens i ty a nd 
the  l ength of  t i me t he oat s  wa s i n  sto rage . They fou nd t hat i n  
su cces s i ve c rop yea rs , 90% of the  s ame i ns ect spec i e s  were fou nd  
a 1 1  fou r  years  . 
Nea rl y a l l  of  the oa t sampl es ta ke n  were from South Da kota , 
No rth Da kota , and  M i n nesota, Insect  i nc i dence was a l mo st i d ent i ca l  
i n  Sout h Da kota a nd M i nnesota , but the  average dens i t i es i n  
M i nnesota ( 6 1 / kg ) a nd Sout h Da kota (34/ kg) were s i gnifi ca ntl y 
di fferent . 
Wooden  b i n s  we re fou nd to ha ve 1 0% h i g her  i n sect i nc i dences  
than stee l  c i rcul a r  b i n s . F i fty� s i x  percent of t h e  b i ns s ampl ed 
were steel  wh i l e  36%  we re wood . 
I ns ect i nc i de nces  i ncrea sed wi t h  h i gher mo i sture up to t he 
1 1 % ra nge; hel d constant i n  t he 1 2% range and dec l i ned a bove 1 3 %. 
However , i ns ect den s i t i e s  i n  o at s  cont a i ni-ng more tha n 1 3% 
moi st u re were s i gn i fi c a nt l y h i gher . 
The sawtoot hed gra i n  beet l e pre ferred mo i st u re l e vel s i n  
oats be l ow 1 2% a nd decrea sed i n  i nc i dence and dens i ty wi th moi s t u re 
l eve l s  a bove 1 2% .  C rypto l estes spp, i nc i dence and dens i ty i n­
c rea sed progres s i ve l y throu gh  eac h h i g her mo i sture l evel  up to · l 3% 
a nd t hen  dec l i ned a bove t ha t  l e ve l !  Iribo l i um spp , we re most 
commonl y fou nd i n  a moistu re range o f  1 0  to 1 0, 9% .  T hey con·c l u ded 
t he ris k o f  gra i n becoming i n fested i ncreased when g ra i n i s  stored 
at h i gh mo i st u re l evel s .  Sto r i ng gra i n  at l ower moi sture l evel s 
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woul d not neces sa r i l y  eliminate i n festa t i o n s  bec a u se many spec i es 
a re read i l y  adapta b1e to·dr.,y �ratn, l(ut it woul d hel p reduce t he 
severity o f  the infestation�� 
Present Recommenda tio ns 
The entomo l ogt$ts in t he Nort h Centra l regi,o n  ba s i ca l l y  
1 0 
a gree o n  what must be done by farmers  to prevent insect i·n festatio ns  � 
The So uth Da�ota Coo peratt-ve Extensio n Serv i c e  recofllJ11end s  c l ea n i n g  
u p  res i due t n  harvest equipme nt from the prev i o u s  crop yea r � 
Spil l ed grain i n  a nd around the bin site a1o ng wit h j u nk p i l es , 
weed s a nd ta l l g ra s ses  shou l d a l so be removed, 
New gra i n sho u l d never be put o n  top of o l d g ra i n .  B rooms , 
shovels , o r  va cuum clea ners s houl d be used to c l ea n  the wa l l s  and  
fl oo rs . Fa l se floors s hou l d be removed a nd c l ea ned bec a u s e  they 
a re i deal growtng a reas fo r fl ou r beet l es. 
Hi·g h mo i st u re l evel s a nd gra i n  tempera tu res o f  a bove 160 
al o ng wi·t h g rain dockage i nteract to prov i de co ndit i ons  favo ra bl e  
for i nsect reproduct i o n  a nd s u rvival , If the gra i n  temperatu re i s  
a bove 16o i nsect s can  rep�oduce , B i n s  sho u l d be c hecked every o ne 
o r  two weeks i n  t he summer mo nt h s  a nd every fo u r  to s i x  weeks i n  
the wi nter months ( Coo perat i ve Extens i o n  Serv i ce 1980). 
The Nebra�k� Ext�n�ton  Ser,yi<;e. add s to th� So�Jth pa kot� 
Extension Serv i ce recoJllfllefldatton by saying ne-v�r 't;Q �tor� sma1 1 
grains a boye 12% moisture (peter� �ldf}F 
The Purdue ('Xt enston Ser.ytce su ggest s co,vertng t he a�,rat i'o.n 
fa ns when  not i n  use . Thts prevent s rap i d · gratn cooling tn th e 
wi nt er  a nd ra p i d  heat i n g  i n  t he summer a nd w i l l  h�l p kee p rodents 
a nd i n sects out of the duct system . When i n s pec t in g t he g rain, 
1 1  
walk over it a nd poke your arm or q rod into the g rqin ma$.St Smell� 
feel and 1 oo k for s_igns of hot spots or  other prob1 em�, A1 so d o  
not fill the bin t o  a peak, This i-nterferes w-i t h  air f1ow qnd 
mo i stu re movement throughout t he gratn (Foster and flcKenzi� 1979)� 
The sourc;e of i-nfestations may come fr0111 nea rby sources_ 
such as feed mtl ls  and  other stored grain {Cotton 1963, Ameri ca n  
Cya nami d 1981) ,_ One c an obtain stored gra tn insects at great 
d i stances  from t he bin stte ( Futu re Trends 1 98 2 ) ,  
If stored grain i nsect s a re found in stored grain it 
s hould be dea l t  with great concern, Contro l must be taken if the 
pr ima ry pests  a re pres ent or  if there are enough of the secona ry 
i n sect s present to cau se heat i n g , If t here a re j u st  a few 
seconda ry i ns ect s found at t he end of the  warm s eason  a nd t he 
gra in is coo l i n g t here is no need for concern , but t he g ra in  
shoul d be kept u nder obs ervat i o n  t hrou ghout the winter mo nt h s . 
( Cotton 1963), 
1 2  
MATERlALS AND METHOD$ 
1 982-1 983 Study 
I n  o rder to o btatn a ra n9om s ampl e of farmers tha t sto red  
oats , an  e l evato r s u rvey was condu cted i n  1 7  h i gh oat produ c i n g  
count i es i n  ea stern  So ut h Da kota. Elevator operato rs we re a s ked 
for names o f  farme rs  w· h o  s to red oats a nd who they tho u g ht m i ght 
cooperate wi t h  t h i s st udy . Appro x i matel y 850  names o f  fa rmers were  
col lected from 93  e l evato rs . A ra ndom sampl e wa s ta ken from eac h 
co unty o n  a bas i s o f  sampl i ng o ne b i n fo r every 256 , 000  qu i ntal s 
( 8 00 , 000 bu s hel s ) produ ced . Product i o n  from eac h co u nty was 
a veraged fo r t he 1 977 t h ro u g h  1 981  c rop years , F i gu re 1 s hows 
t he average  produc t i o n  o f  eac h county represented a nd t he l o cat i o ns  
of  t he 58 b i n s  t hat  were s ampl ed . 
Muc h o f  t he  oats  i n  ea stern So uth  Da kota i s  stored fo r l e s s  
t han  o ne yea r . 
earl y Augu st � 
t h roug h Apr i  1 . 
T h i s  o at s  i s  ha rvested a nd b i n ned i n  l a te Ju l y and  
A majo r i ty of  t he  o ats  is  ma rketed from Ja nua ry 
T he b i ns  fi l l ed w i t h  1 982  oats  were f i rst s amp l ed 
i n  m i d Aug u st of 1 98 2  and sampl ed at s i x  wee k  i nterva l s unt i l  
Apri l 1 ,  1 983 . Eac h bi n was sampl ed s i x  t i mes  un l ess  ma rketed 
pr i o r  to Apr i l  1 ,  1 983 . The  sampl i ng was started i n  the  southern 
co unt i es o f Bon Homme and  Ya n kto n a nd cont i nued northw�rd u nt i l  
a l l o f  t he b i n s  we re s ampl ed . One compl ete s ampl i ng too k two 
week s . The  next compl ete samp,t-ng was done i n  the same o rder and  
started s i x  wee k s  a fter the  fi rst b i n wa s sampl ed . 
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t hose of M i l l s  a nd Pedersen  (1 980}, The  procedu re to be u sed  
wa s d i scu s sed in  deta i l in person�l in1;e.n,vtews w·tth Sto.re,y (_1 982 ) , 
.Ka ntac k  ( 1 982 )  a nd Berndt ( 1 982 ). Figure 2 tl l u strates the  s am pl i ng 
sites u sed for t he steel  c i rcula r, the wooden rectangu l a r  a nd fl at  
or  quons et stora ge. The  p rocedu res fo r the steel and  wooden  b i n s  
were very similar.  A vert i cal samp l e was ta ken from the  cent e r  
a nd the fou r  c ard i n a l  po i nts  a bout one meter from t h e  outer wal l .  
A horizonta l  sam ple wa s t a ke n  i n  an  undistu rbed area between  t he 
center a nd one . of t h e  ot h e r  vert i cal  sampl es, The s amp l i n g 
proc edure for fl at  s�orage con s i sted of  -n i ne vert i ca l  s ampl es  evenly 
distr i bu ted throughout the gra i n  ma s s� Two horizonta l  s amp l es  were 
also ta ken . Some bi n s  we re pea ked to the roof , t h u s fewer sampl es  
we re ta ken, 
A 1.6 meter , 10 compartment Seed buro gra i n  probe was u s ed 
to ta ke sampl es ! Only t he top 1.6 �eters were sampl ed . The  
hor i zonta l sampl es  were ta ken 10-1 5 cent i meters bel ow t he g ra i n  
s urface, The pro be was i nserted w i th  t he compa rtments c l o s ed a nd 
face  up, The sl i de wa s t hen  opened to l et t he oats i n  a nd t he n  
c l o sed pr ior to remov i n g  the probe� The vert i ca l  samp l es  were  
ta ken by in sert i ng t he  cl osed probe at  a s l i g ht a n gl e of  a bout 1 0° 
from vertical  w i th  t he compa rtment fac i ng to t he  s i de where  the 
oats  e nter  w�en the s l i de  on t he pro be i s  opened� The s l i de wa s 
then closed pri-or t<;> the  remov�ng of  t he probe, When remo ved , t he  
·probe w�s opened ove.r a two meter ea,ve t rou9h, All the  vert ica  1 
and· hortzorital  s ampl es  were bu l ked in the ea ve tr�ug h  and depos i ted 
Samp 1 in� Sites 




Wooden Rec ta ngul a r  
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F1 at Sto.r� ge. 
Figu re 2, 
• � i nd i cates .vert i ca l sampl es 
C•} ;:::; ti Rdi·c ates  ho rizo ntal s amp1 es 
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i n  a z i pl oc k  pl a st i c  bag .  A l ib ra ry ca rd wi t h  t he fa rmer's name 
and t he s ampl i ng dat e  wa s put i n  the sampl e for i dent i fi cat i o n  
pu rpo ses . 
Temperature readi n g s  were also ta ken at two meter dept h s . 
A deep cup pro be equipped wi t h  a thermometer was u sed to t a ke 
read i n gs i n  t he center  and al ong  the south  wal 1 of the b i n ,  The  
probe wa s le ft i n  t he gra i n  ma ss for fi ve mi nutes b e fore t h e  
read i n g was ta ken . 
16 
The sampl e s were p roces sed the day a fter t hey were obta i ned , 
They were fi rst pa s s ed thr'ou g h  Boerner ® o iv i  der .  from o ne h al f 
of  t he s ampl e ,  25 0 grams we re u s ed to determi ne moi stu re c o ntent 
on  a Bu rrows 7 00 d i g i t al  mo i st u re computer, T h i s s a·mpl e wa s then  
d i scarded , From t he other  ha l f o f  the s ampl e, 3 33 grams we re 
we i g hed out , Th i s  was t he n  sc reened t hroug h  an 8/64 tr i a ngu l a r  
s i eve pa n, Onl y t he l i ve i n s ect s found i n  t he  s c reen i n gs were t hen 
removed , put i n  pet r i  d i s hes , l abel ed  and  frozen  fo r la ter  i dent­
i fi cat i on , The scree n i n gs we re t hen  wei g hed to determ i ne t h e  amou nt 
o f  dockage pres ent . T he s c reen i ngs  and  the sc ree ned oats were t hen  
pl aced i n  0 . 95 l i ter j a rs covered wi th  f i ne w ire me s h  s creened 
l ids . T hese  were sto red at  room temperatu re for fo u r  wee ks  a nd 
t hen we re screened a ga i n  fo r i n sects  m i ssed and adults that  
emerged from l a rvae that we re present on  t he ori· g i n a l sampl i n g date. 
These i nsect s we re added to  t he o r i g i na l count,. The  insec t s  were  
ident i fied by u s ing a· stereoscope set at  l OX! F i nal cou nt wa s 
mu l t i pli ed by t h ree to  convert to i nsect dens i ty pe r k i l og ram . 
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Ma ny o bservat i o ns a bout  the  c haracter i st i cs o f  t he b i n a nd 
bin si te  we re made . Ta bl e 1 i s  t he 1 98 2 - 1 983 i nfo rmat i on sheet . 
In order to d etermi ne  the  factors t hat  s i gn i fi ca ntl y c aused 
i nsect i n festat i o ns� t h e  depend ent va r i ab l e ,  a process ' l ea ps' was 
used . T h i s  stat i stica l procedu re pl aces  t he i ndepend ent v ar i ab l es 
i n  o rder  frDm t�e most to t he least co rrel ated wi th  i nsect dens i ty . 
The best  mode:l i s  ca 1 cu 1  a ted fo r eac h su bset si ze  from one  to  t he 
tota l  number of i rd ependent va r i a bl es i n  t he data set . It a l so 
i ndicates  t he s i gn ifica nt i nd epend ent vari a bl es ( Fu rn i va l  and 
W i 1 so n 1 97 4) . 
1 983 - 1  984 Study 
The 1 983 -1984 study was very simil ar to t he 1 98 2 - 1 983 study . 
The 21 b i ns selected i n  1 1  co u nt i es Here t hose from the prev i o us 
study . The oats from 1 982 -1983 had been remo ved a nd new o ats from 
t he 1 983 cro p  we re put i n  the  same b i ns, F i gure 3 i nd i cates t h e  
b i n l ocat i o ns t hat  were  sampl ed . The b i ns were sampl ed at  two 
week  i nterva l s  from m i d Au gust 1983  t h rough  A pr i l 1 ,  1984. Eac h 
b i n was sempl ed 16 t i mes  u nl ess marketed pr i o r  to Apr i l 1 ,  1 984 . 
T he sampling proc edure o f  t he bins, t he samp l e  process i ng 
and t he stat ist i cal a na l ys i s  we re i denti cal to the 1 982-:'1 983  
study . Bins equ i pped wi t h  fa l se fl oors a nd quonset storage  we re 
el i m i nated i n  order  to l oo k  at t he ot her  b i n  a nd floo r  types 
more c l ose1 y .  Temperature read i ngs were not t�ken, 
Tabl e 2 i s  the 1 98 3 -1 984 i nformc.tto n  s heet used fo r data  
col l ect i ng .  
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1 98 2 - 1 983  I n fo rma t i o n  Sheet 
Producer ------------�-....__, Pi rect i ons _____ _ 
B i n Type - wood I stee1 I quo nset 
Pre b i nni n g  clea n i ng pro ced u re � o n  top of ol d oats I scoop s hovel  I 
broom I vacu um 
Gra1n ma ss - pea ked I l evel ed 
B i n condit i o n  � good I fa i r  I poor 
Floo r type - woo d  I steel I cement I fa l se 
Degree of spilled gra i n  ...  none I moderate I e.xten s iv e  
Gra s s  length  surrou nding b i n - grazed 1 mowe d  I u nmowed 
Nearby feedl ot - yes I no 
Res i dual  spray used - yes  I no 
Gra i n  ma s s  qua ntity 
----------------------------
Date o f  sampl i ng Doc ka ge 
--------------- ------------
Mo i s u re Temperature M 0 
------------- --- ---
Spec i e s FG6 FLGB STGB 
Pr i mary Count 
I ncu bat i o n  Count 
Total  Co unt 
Ta bl e 1, FGB - Fo re i gn gra i n  beetl e 
FLGB - Fl at  g ratn beetle 
STGB ... Sawtoothed g rain beet l e 
R FB - Red flour beetle · 
HFB - Ha i ry fu ngus beetle 
RG6 - Rusty· gra i n  beet l e 
R FB HFB RGB 
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1 98 3 - 1 984 Informat i on Sheet 
Producer  Direction� 
----------------------------- ------------
Bin Type - wood I s teel 
Pre binning c l ean i ng procedu re � on top of o l d  oats  I s coo p s hove l  I 
broom I -v acu um 
Gra i n  ma s s  - peaked I leveled 
Bin cond i t i o n  � good I fa i r  I poo r 
Res i du al s pray - yes 1. no 
Fl oo r type - wood I steel I concrete 
Degree o f s p i l led gra i n  - no ne I moderate I extens ive 
Nea rby feed l ot - yes / no 
Pe�k infestat i on  o f  prev i o u s  yea r  
---�-------
Oat e of samp 1 i ng --------------------
Mo i s u re 
---------------------
Doc kage ----------------
Spec i e s FGB FLGB STGB 
Pr i ma ry Co unt  
I nc ubat i o n Co u nt 
Tota l Count 
Ta ble 2, FGB - Fore i g n  gra i n beet l e 
FLGB � flat �r�tn beetle 
STGB � Sawtoot hed gra i n  beet l e 
R�B - Red f1ou r  beetle 
�Fa - Hairy f� ng u s  beetle 





R�SULTS AND DISCUSSION 
The sto red. g ra i n  i nsects fo u nd i n  th i s  two yea r study were 
mo stl y seco ndary. T h i s type genera l ly feeds a nd reproduces  i n  
cracked g ra i n and  mo l d .  T he ma i n  spec i e s  fo und  we re t he sawtoo t h ed 
gra i n  beetle , C rypto le stes  spp . , t he red f1ou r beetle , t he fo re i gn 
gra i n  beetle , and t he ha i ry fu ngu s  beetl e .  This agrees wi t h  the 1 97 1  
st udy do ne by.Be1 1 e t  a 1 . They fo und  t h e  same spec i es t o  be t he 
maj or  pests  o f  sto red oats i n  Ka nsas . Sto rey et a 1 . ( 1 983} fo und  
on l y t he sawtoothed gra i n  beet l e� C rypto l e stes spp . a nd t he red fl o u r  
beetl e a s  t he majo r  pest s o f  sto red oa ts  i n  So uth  D a ko ta , M i n ne sota 
and No rth Da kota . The rea son  for t hem not fi nd i n g t he fo re i gn 
gra i n beet l e a nd the h a i ry fu ngus  beetl e may be due to t he i r 
sampl i n g i n  Ju ne a nd Ju l y, 
The weather  fo r t he 1 982 - 1 983 sto ra ge season  cons i sted o f  
above average precip i tat i o n  i n  the fa l l , w i nter a nd spr i ng . 
Temperatu res  d u r i ng  t h i s t i me were quite m i l d, Co nd i tio ns  for 
i nsect s u rv i va l  and re product i o n  we re favo rabl e. The 1 983 - 1 984 
sto rage per i od a l so had a bo ve a vera ge prec ip i tat i o n  i n  t he  fall . 
Temperat ures were no rma l fo r t he  fa l l  and s pr i ng  but December was 
extremely co l d  a nd cau sed great reduct i ons  i n  l i ve  i n s ect po pul ­
at i ons, The two sto ra ge per i od s  we re qu i te d i ffe rent i n  mo i st u r e  
l eve l s a n d  cl i mat i c  co nd i t i o ns . 
Mo i st ure 
Mo i stu re was fo und  to be the  majo r  factor  i n  rel at i o ns to  
2 2  
h i g her i ns ect  dens i t i e s fo r t h e  1 982 � 1 983 stora ge per i od . F i g u re 4 
s hows t he mo i st u re content o f  oats  go i ng i nto sto ra ge in Au gust 
ra nged from 8 ! 4% to 1 2 . 9% a nd a n  a verage o f  1 0 � 5% . Frequent 
prec i p i tat i o n  du r i n g  h arvest  was t he rea son  fo r o at s  wi t h  mo i s t u re 
above 1 1 % .  Average  mo i st u re co nte nt ro se to a pea k i n  Janu a ry o f  
1 1 . 5 % .  Th i s r i s e  was t he re s u l t o f  mo i .st·u re condensat i o n c a u s ed 
by t he coo l i ng o f  the  outer  wa l l s  a nd t he movement  of  mo i st u re to  
t he upper m i ddl e po rt i on  of  t he oa t s , S i nce  t he sampl i ng wa s o n l y 
done o n  t he to p 1 . 6 meters  o f  the oat s , a n  i ncrea s e  i n  mo i stu re  o f  
t h i s area wou l d be ex pected . 
Fi g u re 5 s hows the  rel at i o ns h i p  o f  mo i st u re co ntent a nd 
i n sect dens i ty .  The a verage  i n sect dens i ty rema i ned constant at 
fi ve per k i l o g ram up to 1 1 %  mo i stu re � . In mo i s ture l evel s a bo ve  
1 1 % ,  sampl es  conta i n i n g a bove  1 00 i nsects  per k i l o g ram were fou nd , 
The average i nsect den s i ty i nc reased drama t i cal l y  a s  mo i s t u re 
i nc rea sed from 1 2% to 1 6 . 5% .  
I n  the 1 98 3 - 1 984 sto rage  pe r i o d , moi sture co ntent wa s not 
t he ma jor  facto r i n rel at i o n to i nsect den s i ty ,  but was stat i s t i ca l l y  
s i gn i fi cant . Th i s  was pro ba bl y  becau se o f  a l l t he sampl es  t a ke n  
we re bel ow t h e  recommended s a fe sto ra ge l evel o f  1 3% .  F i gu re 6 
s hows t he mo i st u re co ntent go i n g i nto sto rage i n  Au gust  ra n ged from 
8 � 8% to 1 1 . 6% and an avera ge of 9 . 8% ,  Th i s wa s 0 . 7% l ower t h a n  t he 
average of  t he prev i o u s  yea r .  The h i g hest mo i st ure wa s 1 . 3%  l ower 
than  the h i ghest mo i stu re fo u nd in t he 1 982 - 1 983 storage  per i od . 
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F i gu re 4 .  The  l i ne  repres ent s t he avera ge percent mo i stu re . · 
Eac h data · po i nt represents o ne samp l e .  
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IN S E C T  D E N S ITY AS INFLUE N C E D  
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F i gure 5 .  T he l i ne  represent s t he  aver a ge i n sect dens i ty per . 
k i l o g ram . · Eac h  data  po i nt represents  o ne samp l e .  
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2 5  
F i gu re 6 �  The l i ne  re pres ents  t he average percent mo i st u re . 
Eac h da ta po i nt represents o ne sampl e .  
26 
co u l d eas i l y expl a i n  t he reduct i o n  i n  i n i t i a l mo i stu re l eve l s �  
Mo i stu re c o ntent ro se  gr�du� l l y  t hro u g hout  t he stora ge per i od � 
I nsect dens i t i e s were mu c h  h i g her i n  1 982- 1 983 , Th i s i s  pro ba bl y 
because  o f  the  mo re fa vo ra bl e c o nd i t i o ns for i nsect s  i n  t he prev i ou s  
yea r .  F i g u re 7 s hows t he a verage  i n sect dens i ty wa s from 1 5 - 20 
i n sect s  per k i l o gram u p  to 1 2% ,  
The  i n sect i nc i dence a s  i n fl uenced by mo i st u re i s  
summar i z ed i n  Ta b l e 3 ;  The  percentage o f  sampl es i n fested i n  
1 982- 1 983 dec l i ned a bout  1 0% from 8% mo i stu re to 1 0% .  Abo ve  1 0% ,  
t he percenta ge o f  i n fested s amp l es  i nc reased dramat i ca l l y  wi t h  
eac h  i nc rea s i n g percenta ge o f  mo i stu re . I n  1 98 3 -1 984 t h i s trend 
wa s revers ed as  mo i stu re l eve l s i nc rea sed a s  t he number o f  sampl e s  
i n fested dec rea s ed . The  ma j o r i ty o f  t he sampl es t a ken  we re i n  t he 
9- 1 0% ran ge and no sampl es  ta ken we re a bove  1 3 % �  T h i s a l o ng wi t h  
other  facto rs may ex pl a i n  t h i s type o f  trend ,  Th i s  d i sa g rees  w i t h  
Sto rey et a l  . ( 1  983 ) . T hey fou nd t hat t he percenta ge o f  i n fe sted 
b i ns i nc rea sed to 1 1 %  mo i st u re , l evel ed o ff at 1 2% a nd decrea s ed 
a bo v e  1 3% .  They sampl ed o n l y l o ng  term storage . Oats  a bo ve 1 3% 
mo i stu re i n fes ted w i t b  i nsects  may ha ve been ma rketed ea rl i er  
beca u s e . q f  sto ra ge probl ems . 
The $awtoothed gra i-n beetl e dens i ty a s  fi n l uenced by mo i s tu re 
i s  summa r i z ed i n  F i gu res 8 a nd 9 ..  I n  1 982� 1 983 t he average  dens i ty 
of  t he sawtoot h g ra i n  beet l e  i nc rea sed w i t h  i nc�eas i n g mo i st � re 
co ntent . As mo i st u r� l evel s i nc rea sed i n  1 983� 1 984 , the avera ge 
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The l i ne repres e nts the avera ge den s i ty per k i l ogram of 
the sawtoothed gra i n  beet1 e i n  the i n fested sampl es . · 
Eac h data poi nt repres ents the mean for eac h pa rt i c u l a r  
moi sture l e ve l . 
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P E R C E N T MO I S T U R E  
The l i ne represents t he a ve ra ge den s i ty per k i l ogram 
of the sawtoothed  gra i n  beet l e i n  the i n fested sampl es . 
Ea ch  data poi nt repres � nti the mea n for each  pa rt i cu l a r 




Ta bl e 3 ' I nsect i nc i dence  as  rel atep to mo i sture i n  a l l sampl es , 
1 982 - 1 983 1 983 - 1 984 
% Mo i stu re # o f Sampl es  % t n fest�ctA # o f  Sampl es % I n fested A 
8 . 0�8 . 9  6 
9 . 0- 9 . 9  5 0  
1 0 .  0 - 1  0 .  9 83  
1 1  . 0 - 1  1 . 9 97 
1 2 .  0- 1  2 .  9 3 9  
1 3 . 0- 1  3 .  9 20 
1 4 . 0- 1 4 . 9 8 
1 5 . 0- 1 5 . 9 4 
1 6 . 0- 1 6 . 9  2 
TOTAL 3 0 9  
5 0  
48 
37 
4 1  
5 1  
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1 3 0 
3 9  
2 3  
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31 1 
A - conta i ned at l ea st o ne  l i ve i nsect per k i l o gram 
7 5  





5 0  
gra i n  beet l e pre fers  oat s  bel ow  1 2% mo i sture , Den s i ty l eve l s we re 
muc h h i g her  i n  1 983- 1 984 . Th i s  a g rees w i t h  Sto rey et a l . ( 1 983 ) . 
They fou nd t he sawtoot hed gra i n  beet l e to  decrease i n  den s i ty a bo ve 
1 2% mo i stu r e . 
The C rypto l e stes spp . dens i ty as  rel ated to mo i stu re i s  
shown i n  F i gu re s  1 0  a nd 1 1 . I n  both  yea rs  the  avera ge dens i ty o f  
t he Crypto l estes s pp . i nc reased wi t h  i nc rea sed mo i stu re l evel s .  
Dens i t i e s were muc h  h i gher  i n  1 98 2 - 1 983 . Fi gu re 1 0  i nd i cates  t ha t  
t he Crypto l estes  spp . pre fers  oats  wi t h  mo i stu re a bove  1 3% .  
The  red fl o u r  beet l e dens i ty a s  i n fl uenced by mo i stu re
. 
i s  
d i s pl ayed i n  F i g u res  1 2  a nd 1 3 .  The cu rves are very s i mi l a r fo r 
bot h  years from 9% to  1 2% mo i stu re , The avera g� dens i ty 1 ev� l 
i nc reased from 9% t o  . 1 1 %  mo i st u re whe re i t  pea ked and dec l i ned 
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F i gure 1 0 . The l i ne represents  t he average dens i ty per k i 1 6 g tam 
o f  C rypto l estes  S PP � i n  t he i n fested sampl es , Ea c h  
data po i nt repres ent s  the mean  fo r eac h  part i c u l a r  
mo i stu re l eve 1 . 













1 2  
1 1  
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3 2  
F i g u re 1 1 . The l i ne represents  t he average  dens i ty per k i l o gram o f  
C rypto l estes  s pp . i n  t he i n fe�ted sampl es . Eac h data  
po 1 nt re ores ents  t he me� n fo r each part i c u l a r  mo i st u re 
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F i gu re 1 2 .  The  l i ne .  repres ent s t he ave�age  dens i ty per k i l o gram o f  
the red fl o u r  beet 1 e i n  t he· i n fested sam pl es , Eac h 
data po i nt re presents t he mea n for eac h part i c u l a r  
mo i stu  r e 1 eve 1 � · 
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RED FLOUR BEETLE AS INF LUE NCE D 
BY M O I STURE IN OATS 1 9 8 3 - 1 9 84 
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1 2 . 8  
F i gure 1 3 , The l i ne  represents  t he average den s i ty per k i l d g ram o f  
t he red ·fl ou r beetl e i n  t he i n fested samp1 es � Eac h 
da ta po t nt represents  t he mea n for eac h pa rt i cu l a r 
mo i s tu re 1 e-ve l  . 
3 5 
t hey s howed a n  i nc rea se i n  den s i ty wi t h  i nc rea s i ng  mo i s ture  l ev e l . 
Den s i t i e s  were  qu i te s i m i l a r fo r bot h  yea rs : 
The fore i g n  gra i n  beetl e den s i ty as rel ated to mo i stu re i s  
s hown i n  Fi gures  1 4  a nd 1 5 . I n  bo th  yea rs t he a vera ge den s i ty 
i nc reased wi t h  i nc rea s i ng  mo i s tu �e 1 evel s ,  Average dens i ty l evel s 
i nc rea sed at  a greater rat e a bove  1 2% mo i s tu re . Dens i ty l evel s 
were s i m i l a r i n  bo th  yea rs . 
The ha i ry fungu s beetl e dens i ty as i n fl u enc ed by mo i s t u re 
i s  s umma r i zed a s  Fi g u res  1 6  a nd 1 7 .  l n  both  yea rs t he average 
dens i ty i nc rea sed from 9% to 1 1 % mo i s tu re , I n  1 98 2 -1 98 3 i t  pea ked 
at  1 1 % a nd i n  1 983 - 1 984 i t  pea ked at 1 2% ,  The average  dens i ty i n  
both  years  dec l i ned from 1 2% to 1 3% mo i stu re . I n  1 98 2 - 1 983 the 
a verage den s i ty i n crea sed su bsta nt i a l l y  a bove  1 3% a l t ho u gh on l y 
a few samp l es were fou nd i n  t h i s ra nge , 
I n  Ta bl e 4 t he percent i nc i dence  o f  eac h  s pec i e s  i s  
s hown . I n  bot h  yea rs a 1 1 t he spec i es o f  i nsects  that i n fest  o a t s , 
except t he red fl our  beetl e ,  we�e qu i te s im i l a r i n  the percent o f  
sampl es  i n fested . The red fl o u r  beetl e wa s fou nd t hree t i mes a s  
o ften i n  t he 1 983 - 1 984 sto ra ge per i od . The C rypto l es tes s pp . wa s 
fou nd i n  a l mo s t  o ne t h i rd o f  t he sampl es  ta ken . Beca u se o f  i t s 
res i stance to co l d  wea t he r , t he C rypto l estes S P P : were  v i rtual l y 
t he on l y s pec i e s fo u nd i n  Ja nu a ry t hr-o"U g h  Ma rch , Th i s  may be t he 
reaso n for i t s h i g h  pe rcenta ge o f  t n fes t� t i o n as compare.d to · o t he r  



















F ORE I GN GRAIN B E E TLE AS INFLUE N C E D  
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F i gu re 14 .  The l i ne represent s  the  avera ge dens i ty per k i l o gram o f  
the fo re i g n g ra i n beetl e i n  the i n fested s ampl es . · E ach  
dat9 po i nt represents  t he mean fo r eac h pa rt i cu l a r  
mo i s tu re 1 evel , 
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F i gu re 1 5 .  The l i n e  represents  t he average dens i ty per k i l o gram 
o f  t he fo re i g n  g ra i n beetl e i n  the i n fested sampl e s . 
Eac h data po i nt  represents the mea n fo r eac h part i c u l a r. -
mo i stu r e 1 eve 1 . 
HAIRY F U N GU S  B E E TLE AS INF LUE N C E D 
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F i gu re 1 6 .  The l i ne represent s the a verage  dens i ty per k i l o g ram  o f  
the ha i ry fu ng u s  beetl e i n  t he i n fested sampl es . Eac h 
data po j nt represents  t h e  mean fo r each part i c u l a r  













HAIRY FUN G U S  BEE TLE AS INF LUE NCE D 
BY M O I STURE IN OATS 1 9 8 3 - 1 9 84 
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F i g ure 1 7 .  The l i ne represents  t he average dens i ty per k i l o g ram o f  
t he ha i ry fu ngus  beet l e i n  t he i n fested sampl es . Ea c h  
data po i nt repres ents . the mea n for eac h pa rt i cu l a r  
mo i s tu re l e vel . 
Ta bl e 4 .  Percent i nc i dence o f  each s pec i es , 
1 98 2 - 1 983 
I n sect S pec i es % I n festedA 
Cryptol estes spp . 30  
Sawtoothed g ra tn beetl e 22  
Red fl o u r  beet l e 8 
Fo re i gn gra i n beet l e  8 
Ha i ry fu ngus  beetl e 5 
Al l s pec i es 46B 
1 983 � 1 984 
% I nfestedA 
3 2  




A - percentage o f  a l l sampl es  i n  wh i c h  t he spec i e s  wa s fo und . 
B - some s ampl es - co nta i ned mo re than  o ne s pec i es p 
Date 
The date of sampl i ng wa s found  to be a nother  b i g factor  
i n  re l at i o n to  i n s ect dens i t i es  fo r bot h  yea rs , Fi gures  1 8  and  1 9  
s how t he rel at i o n s h i p o f  i ns ect den s i ty and date o f  sampl i ng .  
Avera ge i nsect den s i ty i nc reased wi t h  the sampl i ng date u p  to 
2 5 / kg  on  t he fi rst  of No vembe r in 1 982 - 1 983 ! It i ncreased u nt i l  
t he fi rst week  i n  Octo ber to 30/ kg  i n  1 983 - 1 984 . Beyond t he pea k 
i n fe stat i o n  l evel s ,  t he  average i nsect dens i ty decl i ned u nt i l  
Ma rc h . The redu ct i o n o f  t he a i r a nd t hu s  gra i n temperatu res beyond 
November i s  the cause fo r t he reduct i o n  i n  i n sect popu l at i o n s . · 
40  
The  i nsect i nc i dence a s  rel ated to date  i s  s hown i n  Ta bl e 5 ,  
I n  1 982- 1 983 t he i nc i dences  i nc rea sed to a pea k o f  74% o f  t he  
sampl es  be i n g i n fested i n  Octo ber . There was a steady dec l i �e · i n  
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F i gu re 1 8 .  The  l i ne  represents  t he ft verage i n sect de n s i ty pe r  
k i l og ram . · Eac h data  po i nt represents  o ne sam pl e . 
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F i gure 1 9 . The l i ne represents  t he average i n sect dens i ty per 
k i l o gram . Eac h data po i nt represent s  o ne sam pl e .  
t h ro u g h  Ma rc h . 
I n  1 983- 1 984 t he i nc i dence o f  i nsect i n festat i o n  i nc rea sed 
to a pea k o f  84% o f  t he s ampl es  be i ng i n fested i n  Se ptem be r . T here 
was a steady decl i ne i n  i nc i dences from Septembe r  t hro u g h  Ma rc h , 
4 3  
T h e  d i fference o f  i nc i dence l evel s i n  Februa ry a n d  Marc h i s  
temperatu re rel ated . The average i nc i dence i n  1 982 - 1 983 wa s 46%  and  
fo r 1 983 - 1 984 was 50% . 
Ta bl e 5 .  I nsec� i nc i dence a s  re l ated to date i n  al l samp l e s . 
1 98 2- 1 983 1 983 �  1 984 
Mont h # o f  Samp l es  % I n festedA # o f  Sampl es  % I nfestedA 
Au gu st 5 5  36  27  78  
September 29  66  5 1  84 
Octo ber 27  74 4 1  7 1  
No vember 5 6  5 9  3 2  5 0  
December 48 54 5 3  4 5  
Ja nuary 1 8  28 44 27 
Februa ry 4 1  3 2  36  1 7  
March  35  26  27  7 
Tota l 3"09  46 3 1 1 5 0  
A - co nta i ned a t  l east  o n e  l i ve i n sect per k i l o gram , 
The number o f  sawtoot hed gra i n  beet l es  a s  i n fl u enc ed by date  
t s  s ho wn i n  F i gu res 2 0  a nd 2 1 , Average den s i ty fo r  the  1 98 2 - 1 983 
storage per i od i nc rea sed stead i l y  to a pea k of 1 7/ kg i n  earl y 
Dec embe� a nd t he n  dec rea sed from January thro u g h  Ma rc h . The avera ge 
den s i ty i n  1 983- 1 984 ro s e  s ha rpl y to a pea k o f  38/ kg  i n  ea rl y 
Octo ber  and decrea sed gradua l l y  to zero t he fi rst of  Febru a ry 
44 
SA WTO OTHE D GRAIN BEETLE AS INFLUEN C E D · 
BY DATE IN OATS 1 982 - 1 9 8 3  
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F i gure  20 . The l i ne  repres ent s  the avera ge dens i ty per k i l o g ram o f  
t he sawtoothed gra i n _ beetl e fo r the i n fested s amp l es . 
Ea c h  data po i nt repres ents the mea n  for eac h pa rt i cu l a r  
da te . 
4 5  
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The l i ne  re present s  the  avera ge dens i ty . per k i l o g ram 
of t he sawtoot hed gra i n beet l e for t he i n fe s ted sa�pl es .  
Eac h d�ta poi nt re pres ents  t he  mean fo r eac h 
pa rt i cu l a r  date . 
becau se  o f  a tem peratu re e ffect . 
The Crypto l estes  s pp . a s  i nfl ue nced by date i s  s hown i n  
F i gu res 22 a nd 23 . T he a vera ge den s i ty ro se  s harp l y i n  1 98 2 - 1 983 
to a pea k o f  20/ k g  i n  m i d Octo be r  a nd dec l i ned to a bout 1 0/ kg from 
Ja nua ry t h ro u g h  Marc h . In  1 983 - 1 984 a s im i l a r res po nse  occu rred 
w i t h  a s ha rp i ncrea se  i n  a vera ge i nsect dens i ty to a pea k o f  a bo ut 
1 4/ kg i n  m i d  Octo ber a nd  t he n  a dec rea se  to a ro u nd 6/ kg  from 
Ja nu a ry t h ro u g � Marc h . 
4 6  
The red fl o u r  beetl e a s  rel a ted .. t o  date i s  s hown i n  F i g u re s  
2 4  and 25 . I n  1 98 2 - 1 983 t he a ve rage  den s i ty rema i ned a ro u nd 5 / kg 
u nt i l mi d No vember whe n  it i nc reased dramat i ca l l y  u nt i l  Ja nu ary 1 .  
There were no 1 i ve red fl o u r  beet l es  fou nd a fter  Ja nua ry 1 .  I n  
1 983 - 1 984 t he average den s i ty i nc rea sed to a pea k o f  20/ k g  i n  
m i d  November . Bot h  years  have  t he same trend  o f  h i g h  dens i t i es 
i n  l a te December a nd very few i nc i dences a fter Ja nua ry 1 , 
The fo re i gn gra i n  beet l e a s  rel at ed to date i s  s hown i n  
Fi gures  26 a nd 27 . T he average  dens i ty i n  1 98 2 - 1 983 i ncrea sed to 
a pea k o f  45 / kg i n  m i d November . I n  1 983- 1 984 i t  reac hed i t  pea k  
o f  1 9_/ kg i n  mi d Octo ber a nd gradu a l l y  dec l i ned u nt i l t he fi rst o f  
t he year . There were  no l i ve  fo re i gn g ra i n  beetl es  fo und  a fter 
January 1 i n  e i t he r  yea r . 
The ha i ry fu ngus  beetl e as  i n fl u enced by date i s  s hown 
i n  F i gures 28 a nd 2 9 . The a ve ra ge dens i ty i n  1 982 - 1 983  i nc rea s ed 
to a pea k o f  21 / k g  i n  earl y November ! I n  1 983- 1 984 t he ave rage  
dens i ty reac hed i ts pea k of  a bo ut 9/ kg i n  ea rl y Octo ber . T he re 
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C RYP T O LE S TE S  S P P . AS INFLUE N C E D  
B Y  DATE I N  OAT S  1 9 8 2 - 1 9 8 3  
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F i g u re 2 2 . The  l i ne repres ents  t he  average dens i ty per  k i l o gram 
of C rypto' l  e stes  s p p . fo r t he i n fested sampl es . Ea c h  
data po i nt re presents  t he mea n fo r eac h part i cu l a r  
date . 

















C RYP T O LE STE S S P P . AS INF LUEN C E D BY 
DATE IN OATS 1 9 8 3 - 1 9 84 
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The  l i ne .  rep res ent s  the average dens i ty per - k i l o gram 
o f  C rypto l estes  s p p . fo r the i n fested sampl es . Eac h 
data po t nt represents  t he mea n fo� each  p a rt i cu l a r  
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F i gu re 24 . The l i ne re prese nts  the avera ge dens i ty per k i T ogram 
of the red fl ou r beetl e for the  i n fested sampl e s . 
Eac h  data  po i nt re presents t he mea n for eac h 
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RED F L O U R  B E E TLE AS INF LUE N C E D  
B Y  DATE IN OATS 1 9 8 3 - 1 9 8 4  
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Fi gu re 2 5 . The l i ne repres ents  the average  dens i ty per k i l o gram 
o f  t he red fl o u r  beet l e fo r the  i nfested sampl es . 
Eac h  data  po i nt re presents t he mean  o f  eac h  
pa rt i cu l a r  date . 
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F i gure 2 6 . The l i ne re pres ents  the average dens i ty per k i l o gram 
of  t he fo re i gn gra i n  beet l e fo r t he i n fes ted sampl e s . 
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F O RE I GN GRAIN B E E TLE AS INFLUE N C E D  
B Y  DATE I N  O ATS 1 9 8 3 � 1 9 84 
* 
5 2  
. I 
0�----�------,-----�------.-----�------�----�
i 5 AUG 8 3  0 3 S E P 8 3  2 2 S E P 8 3  1 1 0 C T 8 3  3 0 0 C T 8 3  1 8 N O V 8 3  0 7 0 E C 8 3  2 6 D E C 8 3  
F i gu re 2 7 . 
D A T E  
The l i ne represents  t he average  dens i ty per  k i l � g�am 
o f  t he fo re i gn  g ra i n beetl e fo r the i n fested sampl e s .  
Eac h  data  po i nt re presents the  mea n fo r each  part i cu l a r 
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HAIRY F UN GU S  B E E TLE AS INF LUE N C E D  
B Y  DATE I N  OATS 1 9 8 2 - 1 9 8 3  
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F i gu re 28 , The l i ne  represents  the average dens i ty per k i l o g ram o f  
t he h a i ry fu ngu s  beet l e fo r t he i n fested samp l es . 
Eac h  data po i nt represent s  t he mea n fo r eac h 
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HAI RY- F U N GU S  B E E TLE AS INF LUE N C E D 
BY D ATE IN OATS 1 9 8 3 - 1 9 84 
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F i gure 2 9 . 
D A T E  
The  l i ne. rep rese nt s t he a verage dens i ty per  k i l o gram 
o f  t he ha i ry fu n g u s  beetl e for the  i nfested sam pl e s . 
E ach  data po i nt rep resents  the reea n fo r eac h 
pa rt i c u l a r date . 
· 
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were no l i ve ha i ry fu ngus  beet l es  fou nd a fter m i d December . 
The Crypto l estes  s pp .  was fou nd to  be  very res i stant to  
col d gra i n  temperatu res  be l ow 40 degree s . The  sawtooth  gra i n  
beet l e wa s fo u nd to  be somewhat  s uscept i bl e  wh i l e  t he red fl o u r  
beetl e ,  t he fo re i g n gra i n  beetl e a nd t he ha i ry fu ngus  beetl e we re 
very suscept i bl e  to  co l d g ra i n  temperatu re s . 
Al l spec i es reac hed t he i r pea k  a verage dens i t i es a bo u t  
o n e  mo nth  l at�r i n  1 98 2 - 1 983 tha n i n  1 983-1 984 . Th i s  wa s d u e  
rn a  i n l  y t o  t h e  temperat u re d i fferences . ·· 
B i n Type 
The  b i n type wa s a no t he r  facto r fo u nd to ha ve a n  i mpo rta nt 
rel at i o n s h i p wi t h  i ns ect po pu l at i o n s .  The steel  c i rcu l a r bi n s  
a nd t he fl at sto ra ge i n  quo nsets  we re s i gn i fi ca nt wi th  h i g her  
i nsect den s i t i e s over  var i o u s  mo i st u re l evel s and dates  o f  
sampl i n g . Fi gu res  30  a nd 3 1  s how t he rel at i o ns h i p o f  i nsect  
dens i ty as  a ffected by  mo i st ure a nd b i n  type . I n  1 98 2 - 1 983 a l l 
5 5  
o f  t he h i gh i n sect dens i t i es a t  h i g h  mo i st ure l evel s were i n  t h e  
stee l bi ns a nd q uon set storage . Abo ve 1 3% mo i st u re t he avera ge 
i nsect dens i ty i n  the  steel  b i n s  a nd  q uo nset stora ge  i nc reased  
l i nearl y .  The  quo n s et sto ra ge  co nta i n ed 25  mo re i ns ects  per 
k i l o g ram . t ha n  t he steel  b i n s  a bo ve 1 3% .  The  avera ge i nsect den s i ty 
i n  wood  sto rage i ncre a s ed very s l i ght l y a s  mo i st ure i nc rea s�d .  I n  
1 983- 1 984 steel b i ns· were a l so  fo u nd to have  a s i g n i fi c ant rel at i o n -
sh i p  w i th i n sect d en s i ty .  From 9- 1 3% mo i sture , t he  avera ge d en s i ty 
fo r  stee1  b i n s  wa s · h i g her t ha n  wooden b-i n s . 
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F i gu re 3 0 . The l i �e represents  the avera ge i nsect _ de n s i ty per 
k i" l o g ram . Eac h data po i nt re pres ents  o ne samp l e .  
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IN SE C T  DE N S ITY AS INFLUENC E D  
B Y  M O ISTURE- AND B IN TYPE 
· IN OATS 1 9 8 3 - 1 9 8 4  
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F i gu re 3 1 � The l i nes  repres ent the  av erage  i n sect dens i ty per 
k i l o g ram . · Eac h  data po i nt represent s o ne sampl e .  
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I ns ect den s i ty a$ rel �ted to dqte a nd bi n type i s  s hown i n  
F i gures  32  a nd 33 , From Se ptembe r tnr9 u 9 h  Oc to �er t he average  dens i ty 
fo r t h e  quo nset sto rage i nG rea s.ed to a pea k o f  1 2 0/ kg i n  1 98 2 - 1 983 . 
It t hen  decl i ned u nt i l  Ma rc h . The steel a nd wooden  b i n s  g radua l l y i n ­
crea sed to pea ks  o f  30/ k g  a nd 8/ k g  res pect i vel y i n  t he  l at e  fa l l  a nd 
gradua l l y  dec l i ned u nt i l  Marc h . I n  1 982-1 983 t he steel  b i n s  d ec l i ned 
l i near l y from Au g u st u nt i 1  Ma rc h . The wooden bi n s  he l d fa i rl y  co n sta nt 
u nt i l  Ja nua ry 1 when t hey a l so dec l i ned t hro ugh  Marc h . 
The i nc i dence o f  i nsect s i n  eacft  b i n type shows t he s ame  
trend s as  i ns ect dens i ty ,  I n  Ta bl e 6 t he 1 982 �1 983 data reveal s 
t he quon set s  were  i n fes ted t he most fo l l owed by steel  sto rage  a nd 
t hen wood sto ra ge . I n  1 983 - 1 984 steel  sto rage wa s i n fested 20% 
mo re t ha n  wood stora ge . Sto rey et a l . ( 1 983 ) fo u nd 1 0% h i gher  
i nc i dences  i n  wood b i n s  t ha n  i n  steel  b i ns r Th i s d i fference m i g ht  
rel ate to  t he d i ffe rent sampl i ng dates , t he d i fferent personne l  
ta k i ng  t he sampl e s  pl u s  t hey o n1 y  sampl ed oats  i n  1 o ng  term sto ra ge . 
Ta bl e 6 .  I ns ect i nc i d e nce  as  rel ated to b i n types  i n  a l l s am pl e s . 
1 98 2- 1  983 1 983 -1 984 
B i n Type # o f  Sampl es  % I n festedA # o f  Samp l es % I n festedA 
St ee l 1 28 5 1  1 1 4 6 2  
Wood 1 5 9 37  1 97 4 2  
Quon set 2 2  8 6  
TOTAL 309  46  3 1 1 5 0  
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F i gure 3 2 . The l i nes re present t he a verage i nsect den s i ty per 
k i l ogr�m . · Eac h  data po i nt represents  o ne samp l e .  
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Fl oa r Type 
The type o f  fl o o r  i n  a b i n wa s a l so fo und  to  be s i g n i f i cant l y 
rel ated  to  i ns ect po pul at i o ns  fo r bot h  yea rs . F i gu res 34 and  3 5  
s how t he rel at i o ns h i p o f  i ns ect dens i ty wi t h  mo i st�re a nd fl oo r type . 
I n  1 982- 1 983 t he b i n s  equ i p ped  w i t h  fa l se a nd steel  fl oo rs  were 
found to ha ve  h i gher  i ns ect  dens i t i es t han  the cement a nd woo d  fl oors . 
The numbe r o f  i ns ect s per k i l o gram for t he fa l se fl oors  i ncrea sed  
l i nearl y from  ·1 0 . 5% to 1 7 % mo i sture . The  rel at i o ns h i p o f  stee l  
fl oo rs i s  s i m i l a r but  i s  a bo ut 3 0  i nsects per k i l o gram l e ss . I n  
1 983 -1 984 bi n s  w i t h  fa l se  fl oo rs were not sampl ed . I nsect  d en s i t i es 
i n  b i n s  wi t h  steel fl oo rs  were s i g n i fi c ant l y h i ghe r from 8%  to 
1 3 % mo i st u re t ha n  the  cement a nd woo d fl oors . 
I nsect den s i ty a s  rel ated to d ate  and fl oo r type i s  s ho wn 
i n  F i g u re s 36  and  37 . I n  1 982 - 1 983 the  fa l se  fl oo r cu rve i nc rea se s  
to a pea k  of  a bo ut 1 90 i n sects  per k i l o gram i n  ea rl y Dec ember a nd 
were not s ampl ed a fter  l ate  December . · The average  i nsect dens i ty 
i n  b i n s  wi t h  steel fl o o rs i nc reas ed g radua l l y  to a pea k o f  a bout  
3 5 / kg i n  mi d Decembe r a n d  gradua l l y  decl i ned u nt i 1  Marc h . I n  
1 983 - 1 984 t he steel fl oo r c u rve dec reased  l i near l y from Au gust  
thro u g h  Ma rc h , The  wood  a nd cement fl oo r c u rves  he l d fa i rl y  co n stant  
at 1 0- 1 5 i ns ects  per k i l o gram from August  to  Marc h , 
The  i nc i dence o f  i n sects  i n  rel a t i o n  to fl oo r type i �  v e ry 
s i mi l a r to i ns ect dens i ty .  I n  Tabl e 7 t he l 982- 1 983 b i n s w i t h  
fa l s e fl oo rs were fo und  t o  ha ve t h e  h i ghest i nc i dence .  B i n s  w i t h  
steel  fl oo rs we re fo u nd i n  bot h  years a n d  fo u nd t o  ha ve h i g he r  
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F i gure 34 , The l i nes repres e nt t he average  i ns ect den s i ty per  
k i l o g raw. . E�c. h  data po i nt represents o ne sampl e .  
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F i gure 3 7 . The l i ne s  repres ent the avera ge i n sect dens i ty pe r  
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i nc i dences t han  bi ns  wi th  cement a nd wood fl oo rs . 
Tabl e 7 .  I nsect i nc i d ence  a s  rel ated to fl oo r type i n  a l l s ampl es . 
1 982 - 1 98 3 1 983 - 1 984 
Fl oor  Type # o f  Sampl e s  % I nfestedA # of Sampl es  % I n festedA 
Fa l se  
Steel 
Cement 
Woo d  
TOTAL 
7 71 
44 5 5  8 0  
1 89 4 9  1 5 3 
6 9  30 78 
309  46  31 1 
A - co nta i ned at  l ea s t  o ne l i ve i n sect per k i l o gram 
B i n  S i ze 
5 9  
5 0  
40  
5 0  
I n  1 98 3 - 1 984 b i n s i ze was t he ma j o r  facto r a s  rel ated  to 
i nsect den s i t i e s . F i gures  38 and  39 s how that  a s  t h� s i ze o f  t he  
b i n i nc rea ses , t he a vera ge i n s ect den s i ty a l so i ncreas e s . I n  
1 982- 1 983 t he avera ge i n sect dens i ty i nc reases  from 1 0/ kg at  2 2 0  
qu i nta l s ( 1 5 1 7  bu s he l s )  t o  50/ kg  at  1 3 00 q u i nta l s ( 8 965 bu s he l s ) . 
I n  1 983- 1 984 t he ave ra ge i n sect dens i ty ro se from 5/ k g at  7 5  
qu i nta l s ( 5 1 7  bus hel s )  to  35 / kg a t  4 00 qu i nta l s ( 27 5 9  bu s h e l s ) . 
Res i dent I n sect Popu l at i o ns 
6 6  
The pea k i n festa t i o n  of  t he prev i ou s  yea rs wa s fou nd to  be 
s i g n i fi c a ntl y re l ated  to i n sect dens i ty .  I n  1 983 - 1 984 i t  wa s fou nd 
that wi t h  i ncreas i n g l evel s o f  prev i ou s  year  pea k i nfestat i o n  l evel s ,  
t here i s  a n  i nc rea s i n g  dan s i ty t he fo l l-owi n g  yea r up to· t he prev i o u s  . 
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Fi gure 3 9 . The l i ne represents  t he a vera ge i nsect den s i ty per  
k i l o gram . Eac h data po i nt repres ents o ne sampl e .  
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pea k of  63 as  s hown i n  f i g u re 40 , Beyo nd t h i s pea k  t he average  
dens i ty decreqsed . T M 1 $ d �c 1 i n� may be bec.a� � e  the  oats  represent i ng 
t he prev i o u s  pea k 1 evel  o f  85fks  ha d  a test we i ght o f  o nl y  21 pou nds � 
Cl ean i ng Procedu re 
I n  1 983 - 1 984 t he c l ean i ng proced ure be fore t he b i n n i n g  o f  
the oats  wa s fou nd t o  be s i g n i fi cant  i n  rel at i o n  t o  i ns ect  po pu 1 -
at i o ns . The  p rocedu re o f  u s i ng j u st a scoo p s hove l  to c l ea n  t he 
b i n wa s compa red to  t he broom a nd vacuum methods  o f  b i n c l ea n i ng . 
I n  F i g ure 4 1  t he s coo p s ho ve l  a verage i nsect dens i ty i s  a bout  20/ kg 
h i g her tha n  t he other  met hods from 8 � 5% to 1 0% mo i st u re . T h i s 
wou l d be ex pected becau se  t he scoo p s ho vel met hod  l eaves  oats  fo r 
res i d e nt po pu l at i o n s to  ex i st i n  t he bi n �  
The i nc i de nce o f  i n s ects  i n  1 982 - 1 983 i n  Ta bl e 8 s ho ws t he 
same type o f  t rend a s  i n  1 983 - 1 984 i ns ect  de n s i ty .  The scoo p 
s hovel  met hod had  a 1 5 % h i g her i nc i dence l eve l  t ha n  t he broom  a nd 
vacu um . I n  1 983- 1 984 t he i n sect i nc i dence  wa s found  to be reversed 
w i t h  the broom a nd vac u um method be i ng 6% h i gher  i n  pe rc e nt o f  
i n festat i on . 
B i n Co nd i t i o n 
The cond i t i o n  o f  t he b i n i s  t.he  fi nal factor fo u nd to be 
s i g n i fi ca nt l y  rel ated to i nsect dens i t i e s , f i_gu re 42 i nd i cate s  
t hat b i ns  i n fa i r  cqnd i t i o n  w�re s i g n i fica nt i �  cau s i ng h i g her  
i n sect i nfest a t i o n  l eve l s t ha n  b i n s  i n  good o r  poor co nd i t i o n . 
The 
-
rea so n i s  becau s e  a ma j o r i ty o f - t he  steel b i ns  ha d steel  fl oo rs � 
' IN S E C T  D E NS ITY AS INFLU E N C E D  BY P RE VI O U S � 
INF E STAT IO NS IN OATS 1 9 8 3 - 1 9 8 4  
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Ta bl e 8 .  I nsect i nc i dence  a s  rel �ted to cl ea n i ng p rocedu re i n  a l l 
sampl e s . 
1 98 2 -1 983 1 98 3 - 1 984 
7 3  
Cl ean i ng 
Proced ure # o f  Sam pl e s  % I n festedA # o f  Sampl e s  % I n fe stedA 
Sco o p  S ho vel  35 
Broom & Vacuum 24 2 
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5 5  
A - co nta i ned a t  1 east  o ne 1 i v e  i nsect per k i 1 o gram 
B - t h i rty-two �ampl es  t ha t  represent b i ns  part i a l l y  conta i n i n g 
oats  when fi l l ed were not i nc l uded 
C - o ne hu ndred twenty-e i g ht samp l es  that  represent b i n s  
pa rt i a l l y  conta i n i n g  o at s  when  fi l l ed wer e  not i nc l uded  
The  bi ns  i n  good cond i t i o n  had  mo st l y  cement fl oors  a nd b i ns  i n  
poor  cond i t i o n were t he  ol d sma l l woo d  b i ns wi t h  woo d  fl oo rs  w i t h  
exce l l ent a i r mo vement  t hrou g h  the  oats , 
The  i nc i dence o f  i ns ects  i n  bot h years i n  Tabl e 9 s ho ws b i ns 
i n  good co nd i t i o n  had  t he  h i g hest  perc ent i n festat i o n s . T h i � i s  
fo l l owed by b i n s  i n  fa i r  c ond i t i o n  a nd t hen  poo r co nd i t i o n . 
Tab l e 9 .  I n sect  i nc i dence  a s  rel ated to b i n co nd i t i o n i n  a l l s ampl es . 
1 98 2 - 1 983 1 983 - 1 984 
B i n 
I nfestedA I n fe stedA Co nd i t i o n # o f  Sampl es  % # o f  Sampl e s  % 
Goo d  1 1 8  55 23 6 5  
Fa i r  1 38 44 224 5 3  
Poo r  5 3 3 2  64 3 1  
TOTAL 309  4 6  3 1 1 5 0  
A - co nta i ned a t  1 ea st o n  l i ve  i nsect per k i l o gram . 
CONCLUS I ONS  
1 .  Mo i stu re percent of  t he oat s ro se  o n  a n  a verage of  one  percent 
from Aug u st t hrou g h  Marc h , 
2 .  The a ve ra g e  i n sect d en s i ty rema i ned co nstant from 8 %  to 1 2% 
mo i stu re . Abo v e  1 2% t he ave ra ge i n sect dens i ty i nc rea sed a s  
mo i s tu re perc ent i nc rea sed .  Oats  stored bel ow 1 2 % d i d  not 
el im i nate i n festat i ons  because  some s pec i es were adapt a bl e to 
dry gra i n . · Howeve r , bel ow 1 2 % mo i sture t he avera g e  i n sect 
dens i ty wa s q u i te l ow .  
3 .  I nsect i nc i dence wa s found  to be t he l owest i n  the 1 0% to 1 2 % 
mo i sture ran ge . From 8 %  to 1 0% i t  was s l i g htl y h i g he r  a nd 
a bove 1 3 % mo i stu re t he i ns ect i nc i dence i nc reased a s  mo i st ure  
i ncrea sed . 
4 .  H i g h den s i t i e s o f  t he sawtoot hed g ra i n beetl e were fo u nd bel ow 
1 2 % mo i sture , wh i l e h i g h  dens i t i es o f  Crypto l estes  s p p , were  
fo u nd a bove  1 3 % mo i st u re . 
7 4  
5 .  C rypto l estes s op . were fo u nd to be res i stant to co l d  tempera t u res , 
wh i l e the  sawtoot hed g ra i n beet l e were fo u nd to be somewhat 
s u sc ept i bl e .  T he red fl o u r  beetl e ,  t he  fore i gn gra i n beet l e 
a nd t he ha i ry fu n g u s  beetl e we re very su scept i bl e  to co l d g ra i n  
tem peratu res o f  Ja nuary t hro u g h  March . 
6 .  I nsect dens i t i es were  t he h i g hest  i n  Octo ber , wh i l e  i n s ect  
i nc i dences were t he  h i g hest  i n  Septem ber and Octo ber , I nsect 
dens i t i e s a nd  i nc i dences dec rea s ed a fter  October  bec a u s e  o f  
co l d temperature s . 
7 .  Oats  sto red i n  q uo nset s  o r  steel  b i ns  were fo u nd to ha ve 
h i gher a vera ge i ns ect dens i t i es and i nc i dences  t h a n  woo d  b i n s  
7 5  
o ver  var i o u s  mo i st u re l eve l s and dates o f  samp l i n g ,  The q uon set 
and steel b i n s  were  l a rger  t ha n  the wood b i ns , As  b i n s i z e 
i nc rea sed , the  a ve rage i nsect den s i ty i nc reased . 
8 .  B i ns equ i pped w i th  fa l se o r  steel fl oo rs were fou nd to ha ve 
h i g her  a vera ge i n s ect den s i t i es and i nc i dences  than  b i n s  w i t h  
cement o r  wood  fl oors . 
9 .  B i ns w i t h  h i g h  i nsect d e ns i t i e s t he  fi rst yea r  had  h i gh  
a verage i n sect den s i t i e s t he seco nd yea r .  
1 0 .  B i n s cl ea ned wi t h  a sco o p  s hovel  had  h i gher  a verage i ns ec t  
den s i t i es tha n b i n s  c l ea ned wi t h  a broom or  vac uum . 
1 1 . B i ns  i n  fa i r  c o nd i t i o n were  fou nd to ha ve h i gher avera ge 
i n sect den s i t i es t ha n  bi n s  i n  goo d o r  poo r cond i t i o n  o ve r  
var i ou s  mo i st u re l eve l s �  
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Append i x  1 � Best Stat i st i ca l Mo del  for 1 982- 1 983 ,  
R - square = . 37 1 
I ntercept = 843 . 6  
Pred i ctor 
Mo f st u re 
Date 
Quonset Sto rage  
Fa  1 se Fl oo r 
Steel Fl o o r  
Mo i sture Squared 
Mo i sture Cu bed 
Coeffi c i ent 
1 1 1  � 200 
� o , 01 4 
27 , 7 1 0 
44 , 21 0  
1 2 , 070  
�-1 1 r 7'1 0 _ 
0 , 408 
1 ! 1 2A 
8 . 67** 
1 5  . 3 2** 
1 4 , 5 3** 
5 , 5 6* 
1 , 7 9A 
2 . 93A 
** - S i g n i f i cant at t he 0 . 01 l eve l  
* - S i gn i fi c a nt at  t he 0 . 05 l eve l  
A 
- Overa l l  mo i stu re wa s s i gn i fi cant at  t he 0 . 01 l eve l  
78  
Appe nd i x  2 .  Best  Stat i s t i ca l  Model fo r 1 98 3  ...  1 984 , 
R- s qu a re = . 2 9 9  
I nt e rcept = 1 8 00 � 6 7 
Pred i cto r 
Prev i o u s  Pea k · I n fest a t i o n  
B i n  S i z e 
Date 
Mo i s t u re 
Woo d  B i n  
Sc o o p  S hovel  Cl ea n i n g  
Poo r  Co nd i t i o n 
· 
Steel F1 oa r 
C eme nt Fl oa r 
Coe ffi c i ent 
0 , 294 
0 . 0 3 2  
- 0 , 02 2  
- 5 , 741 
6 2 , 09 9  
1 1  ' 1  4 5  
2 3 , 3 06 
5 2 . 288 
24 , 6 24 
** - S i g n i fi c a nt at t he 0 , 01 l evel  
8 - S i g n i fi c a nt at  t h e  0 , 1 0 l evel  
F - Ra t i o 
1 8 � 0 5** 
5 6 , 21 ** 
20 . 41 ** 
7 , 3 5** 
44 . 98** 
3 ! 06
B 
8 . 9 2** 
27 . 92** 
1 3 . 4 9** 
7 9  
